Comparative gene assignment between the spider monkey species Ateles paniscus chamek (APC) and man (HSA) showed conserved syntenic associations despite extensive karyotypic rearrangement between species. Two HSA 14q genes were allocated to APC 2q, being syntenic to other HSA 14q and HSA 15q markers previously assigned to APC 2q, and to HSA 12q genes previously assigned to APC 2p. These findings were consistent with A. geoffroyi chromosome painting with human whole-chromosome probes, indicating that the genus Ateles is karyotypically very rearranged. On the other hand, three human X-linked markers were assigned to the Ateles X chromosome, indicating that this chromosome is evolutionary stable.
᭧ 1999 The American Genetic Association 90: [460] [461] [462] [463] Gene Assignment in the Spider Monkey (Ateles paniscus chamek-APC): APE-MYH7 to 2q; AR-GLA-F8C to the X Chromosome F. Canavez, M. A. M. Moreira, C. R. Bonvicino, R. Olicio, and H. N. Seuá nez Comparative gene assignment between the spider monkey species Ateles paniscus chamek (APC) and man (HSA) showed conserved syntenic associations despite extensive karyotypic rearrangement between species. Two HSA 14q genes were allocated to APC 2q, being syntenic to other HSA 14q and HSA 15q markers previously assigned to APC 2q, and to HSA 12q genes previously assigned to APC 2p. These findings were consistent with A. geoffroyi chromosome painting with human whole-chromosome probes, indicating that the genus Ateles is karyotypically very rearranged. On the other hand, three human X-linked markers were assigned to the Ateles X chromosome, indicating that this chromosome is evolutionary stable.
Karyotypic comparisons of neotropical primates have shown that the genus Ateles is extensively rearranged with respect to other primate genera and mammalian outgroups (Seuánez et al. 1993; Turleau et al. 1974) . This was clearly demonstrated by comparative gene mapping using cell hybrid panels and chromosome painting with human whole-chromosome probes. Thus in Ateles paniscus chamek (2n ϭ 34), several disruptions of human syntenic clusters and de novo associations were reported (Canavez et al. 1998; Moreira et al. 1997; Seuánez et al. 1994 Seuánez et al. , 1997 while in A. geoffroyi (2n ϭ 34) chromosome painting showed extensive shuffling (Morescalchi et al. 1997) .
In this article, we report the assignment, in A. paniscus chamek, of three human Xlinked genes and two HSA 14q genes. A comparison with chromosome painting data in A. geoffroyi, a karyotypically similar congeneric species, allowed for a better understanding of the process of karyotypic evolution in Ateles.
Materials and Methods

Samples
DNA was extracted by standard procedures (Sambrook et al. 1989 ) from 38 biochemically and karyotypically characterized Ateles-rodent cell hybrids (Seuánez et al. 1993) . The rodent parent (RAG), an HPRT-deficient BALB/c mouse line ( Klebe et al. 1970) , has been extensively characterized (O'Brien et al. 1982 ) and compared to the parental Ateles cell line (Seuánez et al. 1993) . Ten primary hybrids were selected in HAT medium and ouabain, while 9 and 19 derived subclones were derived from two primary hybrids (119S1 and 119P2, respectively) in Dulbecco-MEM medium containing 6-mercaptopurine (6-MP; 16.7 g/ml).
Karyologic and Biochemical Data
Chromosomes are referred to by species acronyms and number; Ateles paniscus chamek ϭ APC (Seuánez et al. 1993) , Ateles geoffroyi ϭ AGE (Morescalchi et al. 1997) , and human ϭ HSA.
As a consequence of using an HPRT-deficient receptor cell line followed by selection in HAT medium, all primary hybrids were HPRT/G-6PD positive and carried APC X (Seuánez et al. 1994 ). Consequently to subcloning in 6-MP, both derived panels were HPRT negative; all these cell lines lacked APC X and were also negative for G-6PD of donor origin.
APC 2 segregated in the 10 primary hybrids and in nine 119S1-derived subclones. In one primary hybrid cell line, however, the distal region APC 2p was deleted, while in another (119P2) an APC 2q isochromosome was present in substitution for APC 2. This isochromosome segregated in 19 subclones derived from 119P2.
PCR Protocols
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• APE (apurinic/apyrimidinic endonuclease; Zhao et al. 1992 ; Genbank M92444) was amplified with primers 5Ј CCA GAG GCC AAG AAG AGT AA 3Ј ( human exon 3; nt 1118-1137) and 5Ј CCG AAG GAG CTG ACC AGT A 3Ј ( human exon 4; nt 1993-1975) encompassing an 876 bp fragment. PCR conditions were 95ЊC (30 s), followed by 30 cycles of 95ЊC (30 s), 63ЊC (30 s), 72ЊC (30 s), and a terminal extension step of 72ЊC for 5 min.
• MYH7 (cardiac beta-myosin heavy chain; Yamauchi-Takihara et al. 1989 ; GenBank M25136 and J04535) was amplified with primers 5Ј CTT GGG GGC TGA AGA GTG A 3Ј ( human intron 29; nt 1104-1122) and 5Ј CGC TTG AAG GTC TCC AGA TG 3Ј ( human exon 30; nt 1285-1266), encompassing a 182 bp fragment. PCR conditions were 95ЊC (30 s), followed by 30 cycles of 95ЊC (30 s), 63ЊC (30 s), 72ЊC (30 s), and a terminal extension step of 72ЊC for 5 min.
• AR (androgen receptor; Lubahn et al. 1989 ; Genbank M27423) was amplified with primers 5Ј TCC AGA ATC TGT TCC AGA GCG TGC 3Ј ( human exon 1; nt 146-169) and 5Ј GCT GTG AAG GTT GCT GTT CCT CAT 3Ј ( human exon 1; nt 427-404), encompassing a 282 bp fragment. PCR conditions were 94ЊC (5 min), followed by 30 cycles of 94ЊC (1 min), 60ЊC (1 min), and 72ЊC (1 min 30 s).
• GLA (alpha galactosidase; Quinn et al. 1987 ; Genbank M18242 and M11933) was amplified with primers 5Ј ATT GGT CTA CCT CTG GGA TAA CC 3Ј ( human exon 1; nt 795-818) and 5Ј CGT TGA GAC TCT CCA GTT CC 3Ј ( human exon 1; nt 1216-1197), encompassing a 422 pb fragment. PCR conditions were 94ЊC (5 min), followed by 30 cycles of 94ЊC (1 min), 50ЊC (1 min), and 72ЊC (1 min 30 s).
• F8C (coagulation factor VIIIc, procoagulant component-hemophilia A; Gitscheir and Wood 1992; GenBank M88640) was amplified with primers 5Ј CTC CCT TAT CAG ATT GCC TTA CGA GGA GTC 3Ј ( human exon 14; nt 2673-2702) and 5Ј GAG CCA ACC TCT CTT TGA TCA CCA GTC ATC 3Ј ( human exon 14; nt 2952-2923), encompassing a 280 pb fragment. PCR conditions were 94ЊC (5 min), followed by 30 cycles of 94ЊC (1 min), 55ЊC (1 min), and 72ЊC (1 min 30 s).
Electrophoresis and DNA Sequencing
Amplified products were run in 2% agarose or 5% polyacrilamide gels and stained with ethidium bromide or silver, respectively. Fragment size was estimated with a 100 bp DNA ladder (Pharmacia) or 500 bp ladder (Superladder-mid1; Gensura). Specificity of PCR amplifications was confirmed by sequencing with an ABI 377 automatic sequencer.
Discordance (D) Analysis
Concordant segregation of an amplified donor product and an Ateles chromosome was considered indicative of gene assignment when tested by discordance analysis (see Seuánez et al. 1994) . A chromosome gene assignment was considered positive whenever D Յ 0.10 between a given chromosome and an amplified sequence of do- 
Results and Discussion
Figure 1 shows amplification products with different primers. In cell hybrid extracts, amplified fragments of donor and recipient origin, when both present, were distinguished from one another by electrophoretic migration (Canavez et al. 1998; Dionne et al. 1990; Moreira et al. 1997; Seuánez et al. 1997) and properly identified by comparisons with Ateles and RAG controls or Ateles ϩ RAG controls. Sequence analyses confirmed the specificity of PCR amplifications [GenBank accessions AF064684 (MYH7), AF064685 (APE), AF106699 (GLA), AF106700 ( F8C), and AF106701 (AR)]. Table 1 shows D values of PCR-assigned markers and each Ateles chromosome segregating in our panels.
Assignment of MYH7 and APE (in HSA 14q11.2→q12) to APC 2q was consistent with the previous allocation of three markers contained within the same shortest region of overlap (SRO) in man ( NP, TGM1, and CTLA in HSA 14q11.2). It was also consistent with previous assignment to APC 2q of other HSA 14q markers allocated to adjacent, non-overlapping, human SROs: PAX9 (14q12→q13), NSP (14q21→q22), FOS (14q24.3), and CALM1-CHGA (14q32). The region extending through these human SROs shows a clear similarity in banding pattern with the proximal region of APC 2q (see Canavez et al. 1998) . Of interest, human chromosome probe 14 painted the proximal region of the long arm of a very similar chromosome in A. geoffroyi (AGE 2; Morescalchi et al. 1997 ), a finding that was consistent with our postulated regions of subregional homology between APC 2q and HSA 14q. Chromosome painting with the HSA 14 gene cluster, however, showed this to be the only painted region in A. geoffroyi, but somatic cell genetics mapping showed dissociation of the HSA 14q cluster in A. paniscus chamek because CKB (in HSA 14q32.3) was assigned to APC 12 or APC 11 . These discrepancies might be due to a different sensitivity between methods or to differences between Ateles species. APC 2q also contains part of the HSA 15q syntenic cluster because THBS1, B2M, HEXA, and MPI were assigned to this chromosome arm while two other HSA 15q markers ( IDH2 and FES) were allocated to APC 3 (Canavez et al. 1998; Moreira et al. 1997; Seuánez et al. 1994) . Here again, chromosome painting in A. geoffroyi was consistent with these findings in showing that the HSA 15 probe painted two separate regions of AGE 2 and one region of AGE 3, the respective counterparts to APC 2 and APC 3 (Morescalchi et al. 1997) . Of interest, in AGE 3, an HSA 3/HSA 15 association was also detected, as previously found in APC 3 (Seuánez et al. 1994 .
Comparative gene mapping data indicated that similar, though not identical HSA 14q/HSA 15q syntenic associations have been maintained in different primate groups such as old world monkeys, new world monkeys, and prosimians , and also in the domestic cat (O'Brien et al. 1997) , indicating that this gene cluster must be very old in the mammalian class. Comparative gene mapping and karyology also showed that in A. paniscus chamek it became associated to the HSA 12q gene cluster (Canavez et al. 1998; Seuánez et al. 1994 ). On the other hand, chromosome painting showed that AGE 2 contains part of HSA 12, the whole HSA 14 cluster, part of HSA15q, part of HSA1, and part of HSA 4 (Morescalchi et al. 1997) . Whether a similar association might be present in APC 2 remains to be tested.
Assignment of AR (in HSA Xq11.2→q12), GLA (in HSA Xq21.3→q22), and F8C (in Xq28) was consistent with the previous allocation of G-6PD and HPRT to APC X (Seuánez et al. 1994) . These findings and morphological similarities between APC X and HSA X provide good evidence of their evolutionary conservation. Assignment of AR to APC X, however, showed a slightly higher D value (0.11) than expected, though all other chromosomes were clearly excluded (D Ͼ 0.20). The unexpectedly higher D value was due to PCR amplification in DNA extracts of four HPRT-negative subclones selected in medium with 6-MP and previously found to lack APC X and G-6PD of donor origin. Presumably AR amplification must be due to a punctual transposition that was unnoticed by cytogenetic analysis.
